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(57) ABSTRACT

A compound represented by the following general formula
(IA) or (IB) or a salt thereof which specifically traps a zinc 1on
and emits fluorescence, and 1s useful as a fluorescent probe
for zinc:

(I1A)

(IB)

Rl RZ
XA
|
7 COOR’
X C
R0 O O

wherein R' and R” represent a hydrogen atom or a group
represented by the following formula (A):

(A)
XZ

X!—N—CH,—CH, N+—FCH,—CH,—N+-

X3 )&

wherein X' to X* represent a hydrogen atom, a 2-pyridylm-
cthyl group, a 2-pynidylethyl group, a 2-methyl-6-pyridylm-
cthyl group, or a 2-methyl-6-pynidylethyl group, provided
that at least one 1s the group except a 2-pyridylmethyl group,
and m and n represent O or 1, provided that they are not
simultaneously 0; provided that R* and R” are not simulta-
neously hydrogen atoms; R> and R* represent a hydrogen
atom or a halogen atom; R and R° represent a hydrogen atom,
an alkylcarbonyl group, or an alkylcarbonyloxymethyl
group; and R’ represents a hydrogen atom or an alkyl group.

11 Claims, 5 Drawing Sheets
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1
FLUORESCENT PROBE FOR ZINC

TECHNICAL FIELD

The present invention relates to a fluorescent probe for zinc
that emits fluorescence by specifically trapping a zinc 10n.

BACKGROUND ART

Zinc 1s an essential metallic element that 1s present 1n the
human body 1n the largest amount next to iron. Most zinc 1ons
in cells are strongly coupled to proteins and are involved 1n
the maintenance of structure or in the expression of function
of the protein. Various reports have been also made on the
physiological role of free zinc 1ons which are present in the
cell in a very small quantity (generally at a level of uM or
lower). In particular, zinc 1ons are considered to be signifi-
cantly involved in one type of cell death, 1.e., apoptosis, and 1t
1s reported that zinc 10ns accelerate senile plaque formation in
Alzheimer’s disease.

A compound (a fluorescent probe for zinc), which specifi-
cally traps a zinc 1on to form a complex and emits fluores-
cence upon the formation of the complex, has been conven-
tionally used to measure zinc 10ns 1n tissue. For example, TSQ
(Reyes, J. G., et al., Biol. Res., 27, 49, 1994), Zinquin ethyl
ester (T'suda, M. et al., Neurosci., 17, 6678, 1997), Dansy-
laminoethylcyclen (Koike, T. et al., J. Am. Chem. Soc., 118,
12686, 1996), and Newport Green (a catalog of Molecular
Probes, Inc.: “Handbook of Fluorescent Probes and Research
Chemicals™ 6th Edition by Richard P. Haugland pp. 531-540)

have been used practically as fluorescent probes for zinc.

The measurement using TSQ, Zinquin, or Dansylaminoet-
hylcyclen, however, requires the use of a short wavelength
excitation light (an excitation wavelength o1 367 nm, 368 nm,
and 323 nm, respectively). Accordingly, when these fluores-
cent probes for zinc are used for measurement 1n living sys-
tems, the short wavelength excitation light may cause dam-
ages of cells (Saibou Kougaku (Cell Technology), 17, pp.
584-595, 1998). A problem also arises that the measurement
may be readily influenced by autofluorescence generated
from cell systems, per se (fluorescence emitted by NADH or
flavins). Further, Dansylaminoethylcyclen suffers from a dis-
advantage: When the concentration 1s determined using the
reagent, the fluorescence intensities are vary greatly depend-
ing on differences 1n environment such as solvents, whether a
solubility 1n water or in lipid 1s extra-, intra-cell or cell mem-
brane; or the like (Tanpakushitsu-Kakusan-Kouso (Protein,
Nucleic Acid and Enzyme), extra number, 42, pp. 171-176,
1997). TSQ has a problem that even distribution 1n the whole
cell 1s difficult due to 1ts high lipophilicity. Newport Green
has low affimity for zinc 1ons and fails to achieve practical
measurement sensitivity, although the agent enables mea-
surement with a long wavelength excitation light. Therefore,
the development of a fluorescent probe for zinc has been
desired that can measure zinc 1ons with high sensitivity with-
out damaging cells.

The mnventors of the present invention conducted various
studies to provide a fluorescent probe for zinc with high
sensitivity. As a result, they found that a compound having a
cyclic amine or a polyamine as a substituent has high speci-
ficity with zinc 10ns, and by trapping zinc 1ons, the compound
forms a complex which emits strong fluorescence with a
excitation light in longer wavelength range (Japanese Patent
Application No. (He1) 11-40325). In addition, the inventors
turther conducted studies and succeeded 1n providing a fluo-
resceine dertvative by which zinc 1n the living organism can
be measured with very high accuracy and sensitivity (Inter-
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national Publication WO 01/62755). However, this fluores-
ceine dertvative has extremely high affinity for a zinc 10n, and
this causes a difficulty in accurately measuring zinc ions 1n a
high concentration, although the derivative was excellent 1n
detection of zinc 1ons 1n a low concentration. Theretfore, i1t has
been desired to provide a means which can accurately mea-
sure the concentration of zinc 1ons 1n a broader range.

DISCLOSURE OF THE INVENTION

An object of the present invention 1s to provide a means to
accurately measure zinc 1ons 1n a broad range from a low
concentration to a high concentration. The inventors of the
present invention have conducted various studies to achieve
the foregoing object. As a result, they found that zinc 1ons in
a high concentration can be accurately measured by modity-
ing the fluoresceine dervative described 1n International Pub-
lication WO 01/62755, and that the concentration of zinc 1ons
over an extremely broad range of the concentration can be
accurately measured by combiming the novel fluoresceine
derivative provided as mentioned above and the fluoresceine
derivative described 1n International Publication WO
01/62755. The present invention was achieved on the basis of
these findings.

The present invention thus provides a compound repre-
sented by the following general formula (IA) or (IB) or a salt
thereof:

(I1A)

(IB)

wherein R' and R* independently represent a hydrogen atom
or a group represented by the following formula (A):

(A)
XZ

X!'—N—CH,—CH,—N

X3

—FCH,—CH,—N

X4

:
T

wherein X', X*, X°, and X* independently represent a hydro-
gen atom, a 2-pyridylmethyl group, a 2-pyridylethyl group, a
2-methyl-6-pyridylmethyl group, or a 2-methyl-6-pyridyl-
cthyl group, provided that at least one among the groups
selected from the group consisting of X', X*, X°, and X*
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represents a group selected from the group consisting of a
2-pyridylethyl group, a 2-methyl-6-pyridylmethyl group, and
a 2-methyl-6-pyridylethyl group, and m and n independently
represent 0 or 1, provided that m and n do not simultaneously
represent 0; provided that R' and R* do not simultaneously
represent hydrogen atoms; R” and R* independently represent
a hydrogen atom or a halogen atom; R> and R° independently
represent a hydrogen atom, an alkylcarbonyl group, or an

alkylcarbonyloxymethyl group; and R’ represents a hydrogen
atom or an alkyl group.

As a preferred embodiment of the aforementioned inven-
tion, provided 1s a compound represented by the following
general formula (IIA) or (I1IB) or a salt thereof:

Vs
\N R]S
N Rlﬁ
‘ N
Z
(IIB)
/
S
(CHa); N R
A
\<CH2)2—N\' w
(CHZ)'? N Rlﬁ
N
R14 Rl3 ‘
/

R0

wherein R'' and R"* independently represent a hydrogen
atom, an alkylcarbonyl group, or an alkylcarbonyloxymethyl
group; R and R'* independently represent a hydrogen atom
or a halogen atom; R'> and R'°® independently represent a
hydrogen atom or a methyl group; R"’ represents a hydrogen
atom or an alkyl group; p and q independently represent 1 or
2; and r represents 0 or 1,provided that when r 1s 1, excluded
is the compound wherein R'> and R'® are simultaneously
hydrogen atoms, and p and g are simultaneously 1, and when
ris 0, q 1s 2, and the 2-pyridylalkyl group on the nitrogen 1s
replaced by a hydrogen atom.

According to preferred embodiments of the above mven-
tion, provided are the aforementioned compound or a salt
thereof wherein R'', R'?, R'® and R'* are hydrogen atoms;
and the aforementioned compound or a salt thereof wherein
R'” is a hydrogen atom, and according to a further preferred
embodiment, provided 1s the compound or a salt thereof 1n
which the substituted amino group on the benzene ring binds
in m-position or p-position relative to the group represented

by — COOR'”.
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From another aspect, the present invention provides a tluo-
rescent probe for zinc which comprises a compound repre-
sented by the aforementioned general formula (IA), (IB),
(IIA) or (1IB), or a salt thereof; and a zinc complex which 1s
formed by a compound represented by the aforementioned
general formula (IA), (IB), (IIA) or (I1IB), or a salt thereof
together with a zinc 10n. The fluorescent probe for zinc can be
used for measuring zinc 1ons in tissues or cells.

Further, the present invention provides a method for mea-
suring zinc 1ons 1 which a compound represented by the

aforementioned general formula (IA), (IB), (ITA), or (IIB) or
a salt thereof 1s used as a tluorescent probe for zinc; a method

for measuring zinc 1ons which comprises the following steps

of: (a) reacting a compound represented by the aforemen-
tioned general formula (IA), (IB), (IIA), or (IIB) or a salt
thereof with zinc 1ons; and (b) measuring fluorescence inten-
sity of the zinc complex produced in the above step; and a use
of a compound represented by the atorementioned general

formula (IA), (IB), (I1A), or (I1IB) or a salt thereof as a fluo-
rescent probe for zinc.

From a further aspect, the present mvention provides a
method which comprises the step of measuring zinc ions by
using two or more compounds or salts thereof selected from
the group consisting of the following (1) to (14) 1n the fol-
lowing general formula (II1A) or (I11I1B):

(ITIA )

_ H
/
\N RZS
N RZ'S
‘ X
/
(I1IB)
_ H
/
\N RZS
N RZﬁ
‘ =
/

wherein R*' and R** independently represent a hydrogen
atom, an alkylcarbonyl group, or an alkylcarbonyloxymethyl
group; R*> and R** independently represent a hydrogen atom
or a halogen atom; R*> and R*° independently represent a
hydrogen atom or a methyl group; R*’ represents a hydrogen
atom or an alkyl group; s and t independently represent 1 or 2,
and u represents 0 or 1,
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(1) a compound wherein s and tare 1, uis 1, and R*> and R*°
are hydrogen atoms, or a salt thereof

(2) acompound whereins and tare 1,uis 1, R* is a hydrogen
atom, and R*° is a methyl group, or a salt thereof

(3) a compound wherein s and t are 1, uis 1, and R*> and R*°
are methyl groups, or a salt thereot

(4) a compound wherein s is 1, tis 2, uis 1, and R*> and R*°
are hydrogen atoms, or a salt thereof

(5) a compound whereins is 1, tis 2, uis 1, R* is a hydrogen
atom, and R*° is a methyl group, or a salt thereof

(6) a compound wherein s is 1, tis 2, uis 1, R* is a methyl
group, and R*° is a hydrogen atom, or a salt thereof

(7) a compound wherein sis 1, tis 2, uis 1, and R* and R*°
are methyl groups, or a salt thereot

(8) a compound wherein s and t are 2, uis 1, and R*> and R*°
are hydrogen atoms, or a salt thereof

(9) acompound wherein s and tare 2, uis 1, R is a hydrogen
atom, and R*° is a methyl group, or a salt thereof

(10) acompound wherein s and t are 2, uis 1, and R*> and R*°
are methyl groups, or a salt thereof

(11) a compound wherein t is 1, u is 0, and R*° is a hydrogen
atom, or a salt thereof

(12) a compound wherein t is 1, u is 0, and R*° is a methy]l
group, or a salt thereof

(13) a compound wherein t is 2, u is 0, and R*° is a hydrogen
atom, or a salt thereof

(14) a compound wherein t is 2, u is 0, and R*° is a methyl
group, or a salt thereof.

According to a preferred embodiment of the above inven-
tion, provided is the aforementioned method wherein R*",
R*?, R**, R**, and R’ are hydrogen atoms. According to this
method, the selected two or more compounds or salts thereof
can form zinc complexes 1n different ranges of the zinc con-
centration, and accordingly, zinc 1ons can be measured 1n a
broad range of the concentration. Further, the present inven-
tion provides a kit for measuring zinc 1ons which comprises
two or more compounds or salts thereof selected from the
group consisting of the aforementioned compounds or salts

thereot (1) to (14).

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows changes 1n fluorescence intensity of each of
the test compounds with relation to changes 1n the concentra-
tion of zinc 10mns.

FIG. 2A, B, C, D show changes 1n fluorescence intensity of
cach of the test compounds 1n the presence of a vanety of
metal 10ns.

FI1G. 3A, B, C, D show changes 1n fluorescence intensity of
cach of the test compounds with relation to pH changes.

FIG. 4A, B, C, D show the zinc complexing rate between
cach of the test compounds and zinc 10ns.

FIG. 5A, B show changes in fluorescence intensity when
Z1nc 101s 1n various concentrations were intracellularly intro-

duced by using CHO cells.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L]

“An alkyl group” or an alkyl moiety of a substituent con-
taining the alkyl moiety (for example, an alkylcarbonyl group
or an alkylcarbonyloxymethyl group) used in the specifica-
tion means, for example, a linear, branched, or cyclic alkyl
group, or an alkyl group comprising a combination thereof
having 1 to 12 carbon atoms, preferably 1 to 6 carbon atoms,
and more preferably 1 to 4 carbon atoms. More specifically, a
lower alkyl group (an alkyl group having 1 to 6 carbon atoms)
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1s preferred for an alkyl group. Examples of the lower alkyl
groups include methyl group, ethyl group, n-propyl group,
1sopropyl group, cyclopropyl group, n-butyl group, sec-butyl
group, 1sobutyl group, tert-butyl group, cyclopropylmethyl
group, n-pentyl group, n-hexyl group and the like. When “a
halogen atom”™ 1s referred to, the term means any of a fluorine
atom, a chlorine atom, a bromine atom, or an 10dine atom, and
preferably means a fluorine atom, a chlorine atom, or a bro-
mine atom.

In the aforementioned general formulas (IA) and (IB), the
positions of R' and R” substituted on the benzene ring are not
particularly limited. When R? is a hydrogen atom, it is pre-
ferred that R" binds in the meta-position or the para-position
relative to the group represented by —COOR’ (or the corre-
sponding carbonyl group when a lactone ring 1s formed). The
position of the substituted amino group on the benzenering in
the general formulas (IIA) and (IIB) 1s not particularly lim-
ited; however, the position 1s preferably meta-position or
para-position relative to the group represented by
—COOR"’, and most preferably para-position relative to the
group represented by —COOR'’.

In the compounds represented by the alorementioned gen-
eral formulas (IA) and (IB), it is preferred that either of R' and
R” is a hydrogen atom and the other is a group represented by
the formula (A). In the group represented by the formula (A),
X', X?, X7, and X* independently represent a hydrogen atom,
a 2-pyridylmethyl group, a 2-pyridylethyl group, a 2-methyl-
6-pyridylmethyl group, or a 2-methyl-6-pyridylethyl group,
provided that at least one among the groups selected from the
group consisting of X', X*, X°, and X* represents a group
selected from the group consisting of a 2-pyridylethyl group,
a 2-methyl-6-pyridylmethyl group, and a 2-methyl-6-py-
ridylethyl group. In the compounds represented by the afore-
mentioned general formulas (IA) and (IB), 1t 1s preferred that
m is 0, n is 1 and X* is a hydrogen atom, and in said com-
pound, it is preferred that at least one of X' and X~ is a group
selected from the group consisting of 2-pyridylethyl group, a
2-methyl-6-pyridylmethyl group, and a 2-methyl-6-pyridyl-
ethyl group. When m is 0, nis 1 and X* is a hydrogen atom, it
is preferred that X' is a group selected from the group con-
sisting of 2-pyridylethyl group, a 2-methyl-6-pyridylmethyl
group, and a 2-methyl-6-pyridylethyl group, and X* is a
group selected from the group consisting of a 2-pyrnidylm-
cthyl group, a 2-pynidylethyl group, a 2-methyl-6-pyridylm-
cthyl group, and a 2-methyl-6-pyridylethyl group.

R> and R® are preferably hydrogen atoms, and for imaging
application R> and R° are preferably acetyl groups or
acetoxymethyl groups. It is preferred that both R® and R* are
hydrogen atoms or chlorine atoms. R’ is preferably a hydro-
gen atom.

In the compound represented by the atorementioned gen-
eral formula (IIA) or (IIB), R'! and R'* are preferably hydro-
gen atoms, and for imaging application R'' and R'* are pref-
erably acetyl groups or acetoxymethyl groups. It 1s preferred
that both R'® and R'* are both hydrogen atoms or both chlo-
rine atoms at a time, and it is further preferred that both R'*
and R'* are hydrogen atoms. R'’ is preferably a hydrogen
atom. In the compound represented by the general formula
(IIA) or (I1IB), preferred are the compound wherein p and q are
1, R* is a hydrogen atom and R'® is a methyl group; the
compound wherein p and g are 1, and R"> and R'® are methyl
groups; the compound wherein pis 1, qis 2, and R'> and R'®
are hydrogen atoms; the compound wherein pis 1, gis 2, R"
is a hydrogen atom, and R"® is a methyl group; the compound
wherein p is 1, q is 2, R™ is a methyl group, and R'° is a
hydrogen atom; the compound wherein pis 1, q is 2, and R"”
and R'© are methyl groups; the compound wherein p and q are
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2, and R and R'°® are hydrogen atoms; the compound
wherein p and q are 2, R™ is a hydrogen atom, and R'° is a
methyl group; and the compound wherein p and g are 2, and
R" and R'® are methyl groups.

The compounds of the present invention represented by the
alorementioned general formula (I1A), (IB), (IIA), or (I1IB) can
exist as acid addition salts or base addition salts. Examples of
the acid addition salts include: mineral acid salts such as
hydrochloride, sulfate, and mitrate; and organic acid salts such
as methanesulfonate, p-toluenesulfonate, oxalate, citrate, and
tartrate. Examples of the base addition salts include: metal
salts such as sodium salts, potasstum salts, calctum salts, and
magnesium salts; ammonium salts; and organic amine salts
such as triethylamine salts. In addition, salts of amino acids
such as glycine may be formed. The compounds or salts
thereol according to the present invention may exist as
hydrates or solvates, and these substances fall within the
scope of the present invention.

The compounds of the present invention represented by the
alorementioned general formula (IA), (IB), (IIA), or (1IB)

may have one or more asymmetric carbons depending on the
types of the substituents. Sterecoisomers such as optically
active substances based on one or more asymmetric carbons
and diastereoisomers based on two or more asymmetric car-
bons, as well as any mixtures of the stereoisomers, racemates
and the like fall within the scope of the present invention.
When R’, R'/, or R*’ is a hydrogen atom, a carboxyl group
may form a lactone, and such structural 1somers also fall
within the scope of the present invention. A compound rep-
resented by the general formula (IA) in which R” is a hydro-
gen atom and a compound represented by the general formula
(IB)in which R’ is a hydrogen atom fall under tautomers, and
a compound represented by the general formula (IIA) 1n
whichR'"is ahydrogen atom and a compound represented by
the general formula (IIB) in which R'’ is a hydrogen atom fall
under tautomers. One of ordinary skill in the art would readily
recognize the existence of such tautomers, and therefore, it
should be understood that any of these tautomers fall within
the scope of the present invention.

Methods for preparing typical compounds among the com-
pounds of the present invention are shown in the following
schemes. The preparation methods described in the schemes
are more specifically shown 1n further detail 1n the examples
of the specification. Accordingly, one of ordinary skill 1n the
art can prepare any of the compounds according to the present
invention represented by the alorementioned general formu-
las by suitably choosing starting reaction matenals, reaction
conditions, reagents and the like based on these explanations,
and 1f necessary, moditying and altering these methods. Inter-
national Publication WO 01/62755 discloses a method for
preparing a tluorescein dervative for measurement ol zinc
ions, and by referring to said publication, the compounds of
the present invention may be readily prepared. All the disclo-
sure 1n International Publication WO 01/62755 1s 1incorpo-
rated herein by reference.
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The compounds such as 4-aminotluorescein, S-aminotluo-
rescein, and 6-aminofluorescein, which can be used as start-
ing compounds, can be prepared in accordance with, for
example, “Yuuki Gouse1 Kagaku (Synthetic Organic Chem-
1stry) IX.” (Tetsujn Kametani, Nankodo Co., Ltd., p. 215
(19°77)). When the amino group 1s protected when the reac-
tion 1s carried out, the type of the protective group 1s not
particularly limited. For example, a p-nitrobenzenesulfonic
acid group, a trifluoroacetyl group, a trialkylsilyl group and
the like can be suitably used. As for the protective group for
amino group, reference can be made to, for example, “Pro-
tective Groups 1n Organic Synthesis,” (T. W. Greene, John
Wiley & Sons, Inc. (1981)) and the like. 15

The compounds of the present invention represented by the
alforementioned general formula (IA), (IB), (IIA), or (I1IB) or
salts thereof are usetul as fluorescent probes for zinc. While
the compounds of the present invention represented by the
alorementioned general formula (1) or (II) or salts thereot, per 4
se, do not have the property of emitting strong tluorescence,
they come to emit strong tluorescence aiter the formation of
zinc complexes by trapping zinc 10ns. The above compounds
or salts thereof are featured that they can specifically trap zinc
ions and form the complexes very rapidly. In addition, the 45
formed zinc complexes are featured to emit strong tluores-
cence under a long wavelength excitation light which does
not cause any damage to living tissues or cells. Accordingly,
the compounds of the present invention represented by the
alorementioned general formula (IA), (IB), (IIA), or (IIB) or sg
salts thereot are very useful as fluorescent probes for zinc for
measurement of zinc 10ns 1 living cells or living tissues under
a physiological condition. In addition, the compounds of the
present invention represented by the aforementioned general
formula (IA), (IB), (I1A), or (IIB) or salts thereof are featured 55
that they can form zinc complexes dependent on the zinc
concentration in the range of high zinc concentrations, and
accordingly, they can suitably be used for measurement of a
zinc concentration 1n samples containing zinc ions at a high
concentration. The term “measurement” used in the specifi- 4
cation should be construed 1n 1ts broadest sense, including
quantitative and qualitative measurement.

The method for using the fluorescent probe for zinc accord-
ing to the present invention 1s not particularly limited, and the
probe can be used 1n the same manner as conventional zinc 65
probes. In general, a substance selected from the group con-
s1sting of the compounds represented by the aforementioned

14

general formula (1) and salts thereof 1s dissolved 1n an aque-
ous medium such as physiological saline or a buffered solu-
tion, a mixture of the aqueous medium and a water-miscible
organic solvent such as ethanol, acetone, ethylene glycol,
dimethylsulfoxide, and dimethylformamaide or the like, then
the resultant solution 1s added to a suitable buffered solution
containing cells or tissues, and a fluorescence spectrum can
be measured. The fluorescent probe for zinc according to the
present invention may be combined with a suitable additive to
use in the form of a composition. For example, the fluorescent
probe for zinc can be combined with additives such as a
buflering agent, a solubilizing agent, and a pH modifier.
The method for measuring zinc 1ons which 1s the second
embodiment provided by the present invention comprises the
step of measuring zinc 1ons by using two or more compounds
or salts thereot selected from the group consisting of (1) to
(14) 1n the aforementioned general formula (IIIA) or (I1IB):
(1) a compound wherein s and tare 1, uis 1, and R*> and R*°
are hydrogen atoms, or a salt thereof
(2) acompound wherein s and tare 1, uis 1, R* is a hydrogen
atom, and R*° is a methyl group, or a salt thereof

(3) acompound whereins and tis 1,uis 1, and R*> and R*® are
methyl groups, or a salt thereof

(4) a compound wherein s is 1, tis 2, u is 1, and R*> and R*°
are hydrogen atoms, or a salt thereof

(5) acompound wherein sis 1, tis 2, uis 1, R* is a hydrogen
atom, and R*° is a methyl group, or a salt thereof

(6) a compound wherein s is 1, tis 2, uis 1, R*> is a methyl
group, and R*° is a hydrogen atom, or a salt thereof

(7) a compound wherein s is 1, tis 2, u is 1, and R*> and R*°
are methyl groups, or a salt thereot

(8) a compound wherein s and tare 2, uis 1, and R*> and R*°
are hydrogen atoms, or a salt thereof

(9) acompound wherein s and tare 2, uis 1, R* is a hydrogen
atom, and R*° is a methyl group, or a salt thereof

(10) acompound whereins and tare 2, uis 1, and R*> and R*°
are methyl groups, or a salt thereot

(11) a compound wherein t is 1, u is 0, and R*° is a hydrogen
atom, or a salt thereot

(12) a compound wherein t is 1, u is 0, and R*° is a methyl
group, or a salt thereof

(13) a compound wherein t is 2, u is 0, and R*° is a hydrogen
atom, or a salt thereotf

(14) a compound wherein t is 2, u is 0, and R*° is a methyl
group, or a salt thereof.

In the general formula (IITIA) or (IIIB), R** through R*’
have the same meanings as R'' through R'” in the explanation
about the general formula (IIA) or (I1IB). It 1s preferred that
both R*! and R** are hydrogen atoms, and for imaging appli-
cation it is preferred that R* and R** are acetyl groups or
acetoxymethyl groups. It is preferred that both R*® and R**
are both hydrogen atoms or both chlorine atoms at a time, and
it is further preferred that both R* and R** are hydrogen
atoms. It is preferred that R*’ is a hydrogen atom. Two or
more compounds or salts thereot selected from the group
consisting of the aforementioned compounds or salts thereof
(1) to (14) can form zinc complexes 1n different ranges of the
zinc concentration, and accordingly, zinc 1ons can be accu-
rately measured in a broad range of concentration by using
these two or more compounds or salts thereof 1n combination.
For example, it 1s preferred that three or more compounds or
salts thereof selected from the group consisting of the afore-
mentioned compounds or salts thereof (1) to (14) are used,
and more preferably, four or more compounds or salts thereof
can be used. It is preferred that at least one 1n the selected two
or more compounds 1s a compound selected from the com-
pounds other than the aforementioned (1) to (11).
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When this method 1s carried out, the compound or a salt
thereot can suitably be selected depending on the concentra-
tion of zinc 1ons which is the subject of measurement. For
example, two or more compounds or salts thereof can be
selected according to the method which 1s specifically

described 1n the examples of the specification with reference
to the graph of FIG. 1. Compounds 8, 13, 17, and 22 shown in

the graph of FIG. 1 are compounds in which R*', R**, R*,
R**, and R*’ are hydrogen atoms in the aforementioned (11),
(4), (8), and (2), respectively, and zinc 1ons 1n the concentra-
tion of from 107° to 10~ mol/L can be accurately measured
with these four compounds. As mentioned above, the selec-
tion of the compounds 1s preferably made by first measuring,
the changes in fluorescence intensity of each of the com-
pounds versus the changes in the concentration of zinc 10ns,
and then selecting two compounds so that said compounds
grve a value o1 0.5 as the ratio of fluorescence intensity change
(fluorescence intensity 1n a zinc 10n concentration/maximuim
fluorescence intensity) at ten times or more different zinc 10n
concentrations.

Alternatively, when the aforementioned method 1s carried
out, one or more other reagents used for the measurement of
Zinc 1on concentration can be used in combination. For
example, 1n the graph of FI1G. 1, zinc 10ns 1n the concentration
0of 107" to 10~ mol/L can be accurately measured by using the
aforementioned four compounds i1n combination with
/nAF-2 which 1s a known compound (Compound 12 1n Inter-
national Publication WO 01/62755). In addition, a kit for
measuring zinc 1ons which comprises a combination of two or
more compounds or salts thereof selected from the group
consisting of the atforementioned compounds or salts thereof
(1) to (14) also falls within the present invention. In the Kkit,
one or more other reagents used for measurement of the zinc
ion concentration may be used 1n combination.

EXAMPLES

The present invention will be more specifically explained
with reference to the following examples. However, the scope
of the present invention 1s not limited to these examples. The
compound numbers in the examples correspond to those used
in the above schemes.

Example 1
Synthesis of Compound 8

Cesium carbonate (7.9 g, 24 mmol) was added to a solution
of S-aminofluorescein (1) (4.0 g, 12 mmol) dissolved in 80 ml
of dimethylformamide. Subsequently, pivalic anhydride (4.9
ml, 24 mmol) was added to this solution, and the mixture was
stirred at room temperature for 1 hour. The reaction solution
was filtered using a Kirtyama funnel, dimethylformamide
was evaporated under reduced pressure, and then purification
was carried out by column chromatography on silica gel to
obtain Compound 2 (5.9 g). White solid. Yield 100%.

"H-NMR (CDCl,, 300 MHz): 7.77 (d, 1H, J=8.3), 7.01 (d.,
2H, J=2.2), 6.95 (d, 2H, ]=8.6), 6.80-6.75 (m, 3H), 6.22 (d,
1H, J=1.8), 4.21 (s, 2H), 1.36 (s, 18H) MASS (FAB): 516
(M*+1)

Compound 2 (3.9 g, 12 mmol) was dissolved in 100 ml of
methylene chloride, and pyridine (3.5 ml, 46 mmol) was
added to the solution. Subsequently, 4-nitrobenzenesulionyl
chlonide (7.7 g, 35 mmol) was added, and then the mixture
was stirred at room temperature for 6 hours. After 300 ml of
methylene chloride was added, the mixture was washed with
water and saturated saline, and dried over sodium sulfate.
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Methylene chloride was evaporated under reduced pressure,
and then purification was carried out by column chromatog-
raphy on silica gel to obtain Compound 3 (3.5 g). White solid.
Yield 69%.

'"H-NMR (CDCl,, 300 MHz): 8.20 (d, 2H, J=9.0), 7.88 (d,
1H, J=8.2), 7.81 (d, 2H, 1=9.0), 7.29-7.26 (m, 1H), 7.05 (d,
2H,J=2.0),6.83 (d, 1H,J=1.5),6.74 (dd, 2H, J=8.7,2.1), 6.68
(d, 2H, J=8.7), 1.38 (s, 18H) MASS (FAB): 701 (M*+1)

Potassium carbonate (3.0 g, 21 mmol) and 1,2-dibromoet-
hane (15 ml, 0.17 mol) were added to a solution of Compound
3 (3.0 g, 4.3 mmol) dissolved in 300 ml of acetonitrile, and the
mixture was stirred at 100° C. for 20 hours. Acetonitrile was
evaporated under reduced pressure, and the residue was sus-
pended 1n 500 ml of water. After the suspension was extracted
with methylene chloride, the extract was washed with satu-
rated saline, and then dried over sodium sulfate. Methylene
chloride was evaporated under reduced pressure, and then
purification was carried out by column chromatography on
silica gel to obtain Compound 4 (2.9 g). White solid. Yield
84%.

"H-NMR (CDCl,, 300 MHz): 8.12-8.09 (m, 3H), 7.71 (dd,
1H, J=8.2, 1.8), 7.56 (d, 2H, J=9.0), 7.02 (d, 2H, ]=2.2), 6.86
(dd, 2H, J=8.6, 2.2), 6.43 (d, 1H, J=1.8), 3.85 (t, 2H, J=6.6),
3.40 (t, 2H, J=6.6), 1.38 (s, 18H) MASS (FAB): 807, 809
(M*+1)

A solution of 4-nitrobenzenesulionyl chloride (7.2 g, 33
mmol) dissolved 1n 40 ml of methylene chloride was added
dropwise over 30 minutes to a solution of 2-aminomethylpy-
ridine (5) (3 ml, 29 mmol) and pyridine (6 ml, 74 mmol)
dissolved 1 60 ml of methylene chlonde. Following the
dropwise addition, the mixture was stirred at room tempera-
ture for 1 hour, and then the reaction solution was washed
with 2 M aqueous sodium carbonate. The solution was
washed with saturated saline, and then dried over sodium
sulfate. Methylene chloride was evaporated under reduced
pressure, and then purification was carried out by column

chromatography on silica gel to obtain Compound 6 (5.4 g).
White solid. Yield 64%.

"H-NMR (CDCl,, 300 MHz): 8.44-8.42 (m, 1H), 8.27 (d.
2H, J=8.7),8.03 (d, 2H, J=8.7), 7.65-7.59 (m, 1H), 7.19-7.13
(m, 2H), 6.25 (s, 1H), 4.34 (s, 2H) MASS (EI): 293 (M™)

Compound 6 (0.15 g, 0.51 mmol) and potassium carbonate
(70 mg, 0.51 mmol) were added to a solution of Compound 4
(0.30 g, 0.37 mmol) dissolved 1n 20 ml of acetonitrile, and the
mixture was stirred at 100° C. for 2 hours. After acetonitrile
was evaporated under reduced pressure, the residue was dis-
solved 1n 2 M aqueous sodium carbonate, and extracted with
methylene chlonide. The extract was washed with saturated
saline, and then dried over sodium sulfate. Methylene chlo-
ride was evaporated under reduced pressure, and then purifi-

cation was carried out by column chromatography on silica
gel to obtain Compound 7 (0.12 g). Yellow solid. Yield 31%.

'H-NMR (CDCl,, 300M Hz): 8.24 (d, 2H, ]=8.8), 8.10 (d,
2H, 1=8.8), 8.07 (d, 1H, J=8.4), 8.03-8.01 (m, 1H), 7.80 (d,
2H, 1=8.8), 7.65-7.57 (m, 2H), 7.50 (d, 2H, J=8.8), 7.24 (d,

1H, J=7.7),7.13-7.08 (m, 1H), 6.97 (d, 2H, J=1.5), 6.82-6.80
(m, 4H), 6.63 (d, 1H, J=1.5),4.36 (s, 2H), 3.66 (t, 2H, J=7.1),
3.43(t,2H,J=7.1),1.38 (s, 18H) MASS (FAB): 1020 (M™+1)
Potassium carbonate (80 mg, 0.58 mmol) and thiophenol
(0.1 ml, 1.0 mmol) were added to a solution of Compound 7
(0.11 g, 0.11 mmol) dissolved in 10 ml of dimethylforma-
mide, and the mixture was stirred at room temperature for 5
hours. A solution of potassium hydroxide (200 mg, 3.4 mmol)
dissolved 1n 1 ml of MeOH and 1 ml of water was added, and
the mixture was stirred at room temperature for 2 hours. After
the solvent was evaporated under reduced pressure, the resi-
due was dissolved 1n 2 M hydrochloric acid. The solution was
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washed with diethyl ether, and then 2 M hydrochloric acid
was evaporated under reduced pressure. The residue was
purified by ODS column chromatography and reversed phase
HPLC to obtain Compound 8 (44 mg) as the 3TFA salt.
Brown solid. Yield 48%.

"H-NMR (CDCl,, 300M Hz): 8.39-8.37 (m, 1H), 7.74 (d.
1H, J=8.6), 7.74-7.68 (m, 1H), 7.29-7.24 (m, 2H), 6.86-6.79
(m,3H), 6.74(d, 2H, J=2.2),6.60(dd, 2H, J=8.8, 2.2), 6.28 (d,
1H, 1=2.0), 4.25 (s, 2H), 3.45 (t, 2H, J=6.2), 3.14 (t, 2H,
J1=6.2) MASS (FAB): 482 (M™+1)

Example 2
Synthesis of Compound 13

2-Pyridineethanol (9) (0.5 ml, 4.4 mol), azodicarboxyvlic
acid ester (40% toluene solution) (2.5 ml, 5.2 mmol), and
triphenylphosphine (1.25 g, 4.8 mmol) were added to a solu-
tion of Compound 6 (1 g, 3.4 mmol) dissolved in 80 ml of
benzene, and the mixture was stirred at room temperature for
3 hours. After benzene was evaporated under reduced pres-
sure, the residue was dissolved 1n 2 M aqueous sodium car-
bonate, and extracted with methylene chlornide. The extract
was washed with saturated saline, and then dried over sodium
sulfate. After methylene chloride was evaporated under
reduced pressure, purification was carried out by column

chromatography on silica gel to obtain Compound 10 (0.95
o). Yellow oil. Yield 70%.

"H-NMR (CDCl,, 300 MHz): 8.43-8.40 (m, 2H, J=8.6),
8.26 (d, 2H, J=8.6), 7.68-7.62 (m, 1H), 7.57-7.51 (m, 1H),
7.38 (d, 1H, J=7.9), 7.20-7.16 (m, 1H), 7.11-7.09 (m, 1H),
7.06 (d, 1H, I=7.7), 4.58 (s, 2H), 3.74 (t, 2H, 1=7.3), 3.00 (X,
2H, J=7.3) MASS (FAB): 399 (M™+1)

Potassium carbonate (0.99 g, 7.2 mmol) and thiophenol
(0.49 ml, 4.8 mmol) were added to a solution of Compound
10 (0.95 g, 2.4 mmol) dissolved 1n 50 ml of dimethylforma-
mide, and the mixture was stirred at room temperature for 10
hours. After dimethyliormamide was evaporated under
reduced pressure, the residue was dissolved in 2 M aqueous
sodium carbonate, and extracted with methylene chlonde.
The extract was washed with saturated saline, and then dried
over sodium sulfate. After methylene chloride was evapo-
rated under reduced pressure, purification was carried out by
column chromatography on silica gel to obtain Compound 11
(0.37 ). Yellow o1l. Yield 73%.

"H-NMR (CDCl,, 300 MHz):

8.54-8.53 (m, 2H), 7.65-7.56 (m, 2H), 7.30(d, 1H, J=7.7),
7.20-7.09 (m, 3H), 3.96 (s, 2H), 3.12-3.00 (m, 4H), 2.07 (br,
1H) MASS (FAB): 214 (M™+1)

Compound 4 (0.20 g, 0.25 mmol) was suspended 1n 50 ml
of acetonitrile, and added with potassium 1odide (0.10 g, 0.60
mmol), potassium carbonate (0.10 g, 0.72 mmol) and Com-
pound 11 (0.20 g, 0.94 mmol), and the mixture was refluxed
for 14 hours. After acetonitrile was evaporated under reduced
pressure, the residue was dissolved 1 2 N aqueous sodium
carbonate, and extracted with methylene chloride. The meth-
ylene chlonide layer was washed with saturated saline, and
then dried over sodium sulfate. Methylene chloride was
evaporated under reduced pressure, and purification was car-
ried out by column chromatography on silica gel to obtain
Compound 12 (38 mg). Yellow solid. Yield 16%.

"H-NMR (CDCl,, 300 MHz): 8.41-8.40 (m, 1H), 8.36-
8.34 (m, 1H), 8.08 (d, 2H, J=8.6), 8.00 (d, 1H, J=8.2), 7.58-
7.50 (m, 5H), 7.14-7.03 (m, 4H), 6.96 (d, 2H, J=2.2), 6.68 (d,
2H, J=8.6), 6.58 (d, 1H, J=1.5), 3.67 (s, 2H), 3.57 (t, 2H,
1=6.6), 2.83-2.76 (m, 4H), 2.66 (t, 2H, J=6.6), 1.31 (s, 18H)
MASS (FAB): 940 (M™+1)
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Compound 13 (18 mg) was obtained as a 4TFA salt from
Compound 12 (38 mg, 40 umol) in the same manner as that of
the synthesis of Compound 8. Brown solid. Yield 43%.

"H-NMR (CDCl,, 300 MHz): 8.33-8.30 (m, 2H), 7.95-
7.89 (m, 1H), 7.86-7.80 (m, 1H), 7.65 (d, 1H, J=8.6), 7.43-
7.32 (m, 4H), 6.77 (dd, 1H, J=8.6, 2.0), 6.68-6.65 (m, 4H),
6.53 (dd, 2H, J=8.8, 2.4), 6.16 (d, 1H, 1=2.4), 4.41 (s, 2H),
3.45-3.41 (m, 4H), 3.24-3.12 (m, 4H) MASS (FAB): 387
(M™+1)

Example 3
Synthesis of Compound 17

2-Aminoethylpyridine (0.56 ml, 4.6 mmol) and glacial
acetic acid (0.27 ml, 4.6 mmol) were added to a solution of
2-vinylpyridine (14) (0.5 ml, 4.6 mmol) dissolved in 50 ml of
methanol, and the mixture was refluxed under argon for 24
hours. The mixture was cooled to room temperature, then
poured into ice water, and neutralized with 2 M aqueous
sodium hydroxide. The mixture was extracted with methyl-
ene chloride, and the extract was dried over magnesium sul-
tate. Methylene chloride was evaporated under reduced pres-
sure, and purification was carried out by column
chromatography on silica gel to obtain Compound 15 (0.27

o). Yellow oil. Yield 25%.

"H-NMR (CDCl,, 300 MHz): 8.50(d, 2H, J=4.0), 7.57 (1d.,
2H, I=7.7, 1.8),7.16-7.08 (m, 4H), 3.08-3.03 (m, 4H), 2.99-
2.94 (m, 4H), 1.96 (br, 1H) MASS (EI): 227 (M™)

Compound 16 (25 mg) was obtained from Compound 4
(0.10 g,0.12 mmol) and Compound 15 (60 mg, 0.26 mmol) in
the same manner as 1n the synthesis of Compound 12. Yellow
solid. Yield 21%.

"H-NMR (CDCl,, 300 MHz): 8.36-8.34 (m, 2H), 8.09 (d.
2H, J=8.6),8.01 (d, 1H, J=8.2), 7.55-7.50 (m, 4H), 7.09-7.05
(m, 2H), 7.01-6.98 (m, 2H), 6.94 (d, 2H, J=1.1), 6.76-6.75 (m,
4H), 6.64 (d, 1H, J=1.5), 3.45 (t, 2H, J=7.0), 2.80-2.76 (m,
4H), 2.69-2.64 (m,4H), 2.60 (1, 2H, J=7.0) MASS (FAB): 954
(M™+1)

Compound 17 (12 mg) was obtained as a 4TFA salt from
Compound 16 (25 mg, 26 umol) in the same manner as in the
synthesis of Compound 8. Brown solid. Yield 21%.

'"H-NMR (CDCl,, 300 MHz): 8.09-8.07 (m, 2H), 7.87-
7.81 (m, 2H), 7.76 (d, 1H, J=8.6), 7.38 (d, 2H, J=7.9), 7.31-
7.27 (m, 2H), 6.88 (dd, 1H, J=8.6, 2.2), 6.75 (d, 2H, J=8.8),
6.73 (d, 2H, J=2.4), 6.61 (dd, 2H, J=8.8, 2.4), 3.71-3.62 (1,
6H),3.48 (t,2H, J=5.7),3.23 (t,4H, J=6.4) MASS (FAB): 601
(M™+1)

Example 4
Synthesis of Compound 22

Compound 19 (2.4 g) was obtained from Compound 6 (2.0
g, 6.8 mmol) and 6-methyl-2-pyridinemethanol (18) (1.1 g,
8.8 mmol) 1n the same manner as in the synthesis of Com-
pound 10. Yellow o1l. Yield 88%.

'"H-NMR (CDCl,, 300 MHz): 8.39-8.38 (m, 1H), 8.23 (d,
2H, J=8.8), 7.98 (d, 2H, J=8.8), 7.67-7.61 (m, 1H), 7.51-7.45
(m, 1H),7.39(d, 1H, J=7.7),7.17-7.13 (m, 1H), 7.09-7.07 (1,
1H), 6.98-6.95 (m, 1H), 4.68 (s, 2H), 4.63 (s, 2H), 2.30 (s, 3H)
MASS (EI): 398 (M™)

Compound 20 (0.78 g) was obtained from Compound 19
(2.4 g, 6.0 mmol) 1n the same manner as that of the synthesis
of Compound 11. Yellow o1l. Yield 61%.

'H-NMR (CDCl,, 300 MHz): 8.55 (m, 1H), 7.64 (td, 1H,
1=7.5,1.9),7.53 (t, 1H, I=7.77), 7.37 (d, 1H, J=7.5), 7.15 (d,
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1H, J=7.7), 7.15-7.14 (m, 1H), 7.01 (d, 1H, J=7.7), 3.99 (s,
2H), 3.94 (s, 2H), 2.54 (s, 3H) MASS (FAB): 214 (M™+1)

Compound 21 (0.18 g) was obtained from Compound 4
(0.45 g, 0.56 mmol) and Compound 20 (0.24 ¢, 1.1 mmol) in
the same manner as that of the synthesis of Compound 12.
Yellow solid. Yield 35%.

"H-NMR (CDCl,, 300 MHz): 8.43-8.41 (m, 1H), 8.06 (d,
2H, J=8.8),7.96 (d, 1H, ]=8.6), 7.64-7.58 (m, 1H), 7.53-7.48
(m,2H),7.51(d, 2H, J=8.8),7.35-7.32 (m, 1H), 7.16-7.12 (m,
2H), 7.03-6.99 (m, 1H), 7.00 (d, 2H, J=2.2), 6.76 (dd, 2H,
J1=8.6,2.2),6.62(d, 2H,J=8.6), 6.46 (d, 1H, J=1.3),3.69-3.65
(m, 6H,), 2.67 (t, 2H, 1=6.2), 2.48 (s, 3H), 1.37 (s, 18H)
MASS (FAB): 940 (M™+1)

Compound 22 (76 mg) was obtained as a 4TFA salt from
Compound 21 (0.18 g, 0.19 mmol) 1in the same manner as that
ol the synthesis of Compound 8. Brown solid. Yield 38%.

"H-NMR (CD,OD, 300 MHz): 8.47-8.45 (m, 1H), 7.95-
7.84(m,2H),7.65(d, 1H, J=8.6),7.46-7.38 (im, 4H), 6.74 (dd,
1H, J=8.6,2.0), 6.68 (d, 2H, J=2.4,), 6.65 (d, 2H, J=8.8), 6.56
(dd, 2H, J=8.8,2.4),6.07 (d, 1H, J=2.0), 4.32 (s, 2H), 4.28 (s,
2H), 3.30-3.25 (m, 2H), 3.08 (t, 2H, J=3.9), 2.55 (s, 3H)
MASS (FAB): 587 (M"+1)

Example 5
Synthesis of Compound 27

Thionyl chloride (12 ml, 0.17 mol) was added dropwise to
a solution of 6-methyl-2-pyridinemethanol (18) (4.0 g, 33
mmol) dissolved 1n 150 ml of methylene chloride. Atter the
dropwise addition was completed, the mixture was refluxed at
45° C. for 1 hour. After methylene chloride was evaporated
under reduced pressure, the residue was dissolved in 2 M
aqueous sodium carbonate, and extracted with methylene
chloride. The methylene chloride layer was washed with satu-
rated saline, and then dried over potassium sulfate. Methylene
chloride was evaporated under reduced pressure to obtain
Compound 23 (4.5 g). Colorless oil. Yield 97%.

"H-NMR (CDCl,, 300 MHz): 7.60 (t, 1H, 1=7.7), 7.28 (d,
1H, 1=7.7), 7.09 (d, 1H, J=7.7), 4.64 (s, 2H), 2.56 (s, 3H)
MASS (EI): 141 (M™)

p-Toluenesulionamide (1.2 g, 7.1 mmol) was added to a
solution of Compound 23 (2.0 g, 14 mmol) dissolved 1n 200
ml of acetonitrile, and the mixture was refluxed at 90° C. for
18 hours. Acetonitrile was evaporated under reduced pres-
sure, and the residue was suspended 1n 200 ml of water. After
the suspension was extracted with methylene chloride, the
extract was washed with saturated saline, and then dried over
sodium sulfate. Methylene chloride was evaporated under

reduced pressure to obtain Compound 24 (2.8 g). Yellow
solid. Yield 100%.

"H-NMR (CDCl,, 300 MHz): 7.70 (d, 2H, J=8.2), 7.42 {({,
2H, 1=7.7),7.23 (d, 2H, J=8.2), 7.13 (d, 2H, J=7.7), 6.91 (d,
2H, 1=7.7), 4.55 (s, 4H), 2.41 (s, 3H), 2.36 (s, 6H) MASS
(FAB): 382 (M +1)

Compound 24 (2.8 g, 7.3 mmol) was dissolved in 50 ml of
sulfuric acid, and then the solution was stirred at 120° C. for
2 hours. The mixture was cooled, then poured 1nto ice water,
and neutralized with 2 M aqueous sodium hydroxide. The
mixture was extracted with methylene chloride, and the
extract was dried over sodium sulfate. Methylene chloride
was evaporated under reduced pressure, and purification was
carried out by column chromatography on silica gel to obtain

Compound 25 (0.64 g). Yellow solid. Yield 39%.

"H-NMR (CDCl,, 300 MHz): 7.53 (t, 2H, J=7.5), 7.17 (d,
2H, 1=7.5), 7.02 (d, 2H, J=7.5), 3.97 (s, 4H), 2.54 (s, 6H)
MASS (EI): 227 (M™)
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Compound 26 (65 mg) was obtained from Compound 4
(0.10 g,0.12 mmol) and Compound 25 (0.13 g, 0.57 mmol) 1n
the same manner as that of the synthesis of Compound 12.
Yellow solid. Yield 55%.

'H-NMR (CDCl,, 300 MHz): 8.06 (d, 2H, J=9.0), 7.96 (d,
2H, J=8.3),7.54-7.47 (m, 5SH), 7.14 (d, 2H, J=7.77), 7.02-7.00
(d, 2H, J=2.2), 7.00 (d, 2H, J=2.2), 6.75 (dd, 2H, J=8.6, 2.2),
6.61 (d, 2H, J=8.6), 6.46 (d, 1H), 3.68-3.65 (m, 6H), 2.68 ({,
2H, 1=6.2), 2.47 (s, 6H), 1.37 (s, 18H) MASS (FAB): 954
(M*+1)

Compound 27 (31 mg) was obtained as a 4TFA salt from
Compound 26 (65 mg, 0.068 mmol) 1n the same manner as
that of the synthesis of Compound 8. Brown solid. Yield 43%.

'H-NMR (CD,0OD, 300 MHz): 7.98-7.93 (m, 2H), 7.61 (d,
1H, J=8.8), 7.57 (d, 2H, 1=7.9), 7.44 (d, 2H, J=7.7), 6.69 (dd.,
1H, J=8.8, 1.8), 6.66-6.63 (m, 4H), 6.53 (dd, 2H, J=8.8, 2.2),
5.98(d, 1H,J=1.8),4.13(s,4H),3.16-3.13 (m, 2H), 2.87-2.83
(m, 2H), 2.52 (s, 6H) MASS (FAB): 601 (M"+1)

Example 6
Synthesis of Compound 28

Compound 13 (11.4 mg, 0.011 mmol) was suspended 1n 10
ml of acetonitrile, added with cestum carbonate (14.0 mg, 43
uM), and then gradually added with 2.2 ml of acetic anhy-
dride. After the mixture was stirred at room temperature for 1
hour, the reaction solution was evaporated under reduced
pressure. Purification was carried out by column chromatog-
raphy on silica gel to obtain Compound 28 (3.8 mg). White

solid. Yield 47%.

"H-NMR (CDCl,, 300 MHz): 8.41-8.36 (m, 2H), 7.72 (d,
1H, J=8.4), 7.47-7.41 (m, 1H), 7.39-7.33 (m, 1H), 7.06 (d,
2H, J1=2.2), 7.04-6.98 (m, 3H), 6.99 (d, 2H, J=2.2), 6.85-6.83
(m, 1H), 6.82 (dd, 2H, J=8.6, 2.2), 6.67 (dd, 1H, J=8.4, 1.8),
6.10 (br, 1H), 5.99 (d, 1H, J=1.8), 3.74 (s, 2H), 2.99 (mm, 2H),
2.92 (m, 4H), 2.77 (t, 2H, J=4.8), 2.31 (s, 6H) MASS (FAB):
671 (M*+1)

Example 7

Changes 1n fluorescence intensity by zinc 1ons were imves-
tigated by using Compounds 8, 13, 17, and 22 which were
obtained 1n the atorementioned Examples 1 to 4. The fluo-
rescence intensity of 1 uM of each of the compounds was
measured in 100 mM HEPES butler (pH 7.4). The results are
shown 1n FIG. 1. The fluorescence intensity on the ordinate
axis numerically shows changes in fluorescence intensity
when the maximum fluorescence intensity variation 1s taken
as 1 by addition of zinc. It was demonstrated that each of the
compound gave tluorescence intensity changes in the range of
lower concentrations than ZnAF-2 (Compound 12 disclosed
in International Publication WO 01/62753). It was further
demonstrated that changes 1n the concentration of zinc 10ns
can be detected 1n a very wide range of concentrations over
107 M to 10~ M by using these five compounds in combi-
nation.

Example 8

Compounds 8, 13, 17, and 22 were used to evaluate selec-
tivity for zinc 1ons. 1 uM of the compound was added 1n 100
mM HEPES butfer (pH 7.5) containing various metal 1ions (1

uM or 5 uM). The tfluorescence intensity was measured at the

excitation wavelength of 492 nm and the fluorescence wave-
length of 514 nm for Compounds 8, 17, and 22, and the
excitation wavelength of 492 nm and the fluorescence wave-
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length of 521 nm for Compound 13. The results are shown 1n
FIG. 2. In the figure, the ordinate axis shows value of the
relative fluorescent intensity measured when each metal 10n1s
added; and 1n this case, the fluorescence intensity in the
absence of metal 10n 1s set to 1. It 1s clearly understood that
Compounds 8, 13, 17, and 22 have extremely high selectivity
for zinc 10ns, and the compounds give absolutely no increase
in fluorescence intensity even 1n the presence of sodium 10ns,
potassium 1ons, calcium ions, and magnesium 1ons at high
concentration (5 mM), which exist 1n a living organism. It 1s
also clearly understood that these metal 10ns do not atfect the
increase in fluorescence intensity by zinc 1ons.

Example 9

Changes 1n fluorescence intensity of Compounds 8, 13, 17,
and 22, and zinc complexes thereol were mvestigated with
relation to pH changes. The fluorescence intensity was mea-
sured at the excitation wavelength of 492 nm and the fluores-
cence wavelength of 514 nm for Compounds 8, 17, and 22,
and the excitation wavelength of 492 nm and the fluorescence
wavelength of 521 nm for Compound 13. The results are
shown 1n FIG. 3. Buflers used are as follows.

100 mM ClL,CHCOOH—C1,CHCOONa buffer (pH 2.0-
2.5)

100 mM CICH,COOH—CICH,COONa buffer (pH 3.0-
3.5)

100 mM AcOH—ACcONa butfer (pH 4.0-5.0)
100 mM MES butter (pH 5.5-6.5)

100 mM HEPES buftfer (pH 7.0-8.0)

100 mM CHES butter (pH 8.0-9.0)

It was understood that the fluorescence intensity of all of
the compounds was stable at pH of around 7.4 which 1s an
intracellular pH.

Example 10

The rate constant of the formation of a complex between
zinc 1ons and each of Compounds 8, 13, 17, and 22 were
investigated. Changes with time of fluorescence intensity
were measured 1n a stopped-flow manner after the compound
was mixed in 100 mM HEPES butfer (pH 7.4) at 25° C. to
adjust the final concentration of the compound to 1 uM and
that of zinc 10ns to 50 uM. The rate constant of complex

formation was calculated by using the graph to give 1.6x10°
M~'s™! for Compound 8, 1.4x10° M~'s™! for Compound 13,

7.8x10% M~'s™" for Compound 17, and 1.3x10° M~'s™" for
Compound 22. The fluorescence immediately increased by
cach of the compounds. Therefore, 1t 1s understood that zinc
ions can be detected 1n a very short period of time, and rapid
changes in the concentration of zinc 10ons can also be detected
by using these compounds.

Example 11

Changes 1n fluorescence intensity were mvestigated when
Z1nc 10ns 1n various concentrations were intracellularly 1ntro-
duced by using CHO cells. CHO cells were incubated 1n
PBS(-) contaiming 10 uM ZnAF-2DA (6-[N-[N',N'-bis(2-
pyridinylmethyl)-2-aminoethyl]amino-3',6"-bis(acetyloxy)-
spiro[1sobenzoturan-1(3H),9'-[ 9H]|xanthen]-3-one: Kd value
for zinc 1ons: 2.7 nM) or Compound 28 at room temperature
for 10 minutes. After the cells were washed with PBS(-) 3
times, the reagent was added as shown 1n the following Table
1, and changes in fluorescence intensity were measured.
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TABLE 1
2 min 100 pM pyrithione, 0.3 pM ZnSO,
7 min 100 uM pyrithione, 3.0 uM ZnSO,
12 min 100 uM pyrithione, 30 uM ZnSO,
17 min 100 uM pyrithione, 300 uM ZnSO,
22 min 300 uM TPEN

The results were shown 1n FIG. 1. The results show that
fluorescence 1ntensity reached to the plateau of fluorescence
intensity when 3 uM zinc 1ons were mtroduced to the cells
dyed with ZnAF-2DA. In contrast, fluorescence intensity of
the cells dyed with Compound 28 increased stepwise with
elevation of zinc 1ons introduced. In other words, the differ-
ence of the & value gives the appearance of the difference of
intracellular fluorescence intensity. It was understood that
Compound 28 was successiully used in the range of higher
concentrations of zinc 1ons than concentrations 1 which

/nAF-2DA was available.

INDUSTRIAL APPLICABILITY

The compound of the present invention or a salt thereof 1s
usetul for measurement of zinc 1ons. By using the compound
ol the present invention or a salt thereof, the concentration of
Zinc 10ns 1n a sample in which zinc 10ns exist in high concen-
trations be can accurately measured, and a suitable combina-
tion of the compounds enables accurate measurement of the
concentration of zinc 1ons 1n a extremely wide range.

What 1s claimed 1s:

1. A compound represented by the following general for-
mula (IB) or a salt thereof:

(IB)

wherein R" and R” independently represent a hydrogen atom
or a group represented by the following formula (A):

(A)
XZ
N—FCH,—CH,—N+—FCH,—CH,—N

X3 )&

Xl

;
Tn

wherein X', X*, X°, and X* independently represent a hydro-
gen atom, a 2-pyridylmethyl group, a 2-pyridylethyl group, a
2-methyl-6-pyridylmethyl group, or a 2-methyl-6-pyridyl-
cthyl group, provided that at least one among the groups
selected from the group consisting of X', X*, X°, and X*
represents a group selected from the group consisting of a
2-pyridylethyl group, a 2-methyl-6-pyridylmethyl group, and
a 2-methyl-6-pyridylethyl group, and m and n independently
represent O or 1, provided that m and n do not simultaneously
represent 0; provided that R' and R” do not simultaneously
represent hydrogen atoms; R’ and R* independently represent
a hydrogen atom or a halogen atom; R° represents a hydrogen
atom, an alkylcarbonyl group, or an alkylcarbonyloxymethyl
group; and R’ represents a hydrogen atom or an alkyl group.
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2. A compound represented by the following general for-
mula (IIB) or a salt thereof:

(1IB)

= ‘
x 5
(CH2)p N R
H
i A 1
(CHz)z_N\
coorl? 2k "N R'¢
R14 Rl3 ‘
y

RI20 O O

wherein R'* represents a hydrogen atom, an alkylcarbonyl
group, or an alkylcarbonyloxymethyl group; R*> and R**
independently represent a hydrogen atom or a halogen atom;
R"™ and R'® indegendently represent a hydrogen atom or a
methyl group; R’ represents a hydrogen atom or an alkyl
group; p and q independently represent 1 or 2; and r represents
Oor 1, provided that whenris 1, it is excluded that R"> and R *®
are simultaneously hydrogen atoms, and p and q are simulta-
neously 1, and whenris 0, q1s 2, and the 2-pyridylalkyl group
on the nitrogen 1s replaced by a hydrogen atom.

3. The compound according to claim 2 or a salt thereof,
wherein R"* and R'* are hydrogen atoms.

4. The compound according to claim 2 or a salt thereof,
wherein R'’ is a hydrogen atom.

5. A tluorescent probe for zinc which comprises a com-
pound represented by the general formula (IB) according to
claim 1 or a salt thereof.

6. A zinc complex which 1s formed by a compound repre-
sented by the general formula (IB) according to claim 1 or a
salt thereof together with a zinc 1on.

7. A method for measuring zinc 1ons which comprises:

(a) reacting a compound represented by the general for-
mula (IB) according to claim 1 or a salt thereof with zinc
1ons; and

(b) measuring fluorescence intensity of zinc complex pro-
duced 1n the reacting the compound with zinc 10ns.

8. A method for measuring zinc 1ons which comprises
measuring zinc 1ons by using two or more compounds or salts
thereol selected from the group consisting of the following
(1) to (14) 1n the following general formula (I1IB):

(I1IB)

- H
/
X
(CH»); N R*
I
N A |
(CHz)z‘N\
COORT I N R
R24 R23 ‘
/

R0

wherein R** represents a hydrogen atom, an alkylcarbonyl
group, or an alkylcarbonyloxymethyl group; R*> and R**
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independently represent a hydrogen atom or a halogen atom;
R*> and R*° independently represent a hydrogen atom or a
methyl group; R*’ represents a hydrogen atom or an alkyl

group; s and t independently represent 1 or 2, and u represents
Oorl,

(1) the compound wherein s and tare 1, u is 1, and R* and
R*° are hydrogen atoms, or a salt thereof

(2) the compound wherein s and t are 1, uis 1, R* is a

hydrogen atom, and R*° is a methyl group, or a salt
thereof

(3) the compound wherein s and tare 1, u is 1, and R*> and
R*° are methyl groups, or a salt thereof

(4) the compound wherein s is 1, tis 2, u is 1, and R*> and
R*° are hydrogen atoms, or a salt thereof

(5) the compound wherein s is 1, tis 2, uis 1, R* is a
hydrogen atom, and R*° is a methyl group, or a salt
thereof

(6) the compound whereinsis 1,tis 2, uis 1, R* is amethyl
group, and R*° is a hydrogen atom, or a salt thereof

(7) the compound wherein s is 1, tis 2, uis 1, and R*> and
R*° are methyl groups, or a salt thereof

(8) the compound wherein s and tare 2, u is 1, and R*> and
R*° are hydrogen atoms, or a salt thereof

(9) the compound wherein s and t are 2, uis 1, R* is a

hydrogen atom, and R*° is a methyl group, or a salt
thereot

(10) the compound wherein s and t are 2, uis 1, and R* and
R*° are methyl groups, or a salt thereof

(11) the compound wherein t is 1, u is 0, and R*° is a
hydrogen atom, or a salt thereof

(12) the compound whereintis 1,uis 0, and R*°is amethyl
group, or a salt thereof

(13) the compound wherein t is 2, u is 0, and R*° is a
hydrogen atom, or a salt thereof

(14) the compound whereintis 2, uis 0, and R*° is amethyl
group, or a salt thereof.

9. The method according to claim 8, wherein R*®, R**, and
R*’ are hydrogen atoms.

10. A kat for measuring zinc 1ons which comprises two or
more compounds or salts thereof selected from the group
consisting of the compounds (1) to (14) or salts thereof
selected from the group consisting of the following (1) to (14)
in the following general formula (I1IB):

(I1IB)

_ / 0
o
8| (CH,); N R%°
N\ V4 4,
(CHy)o— N\
(CH,), ‘ N\ R%6
R2 R23 /
) ‘
R%20 O O

wherein R*” represents a hydrogen atom, an alkylcarbonyl
group, or an alkylcarbonyloxymethyl group; R*> and R**
independently represent a hydrogen atom or a halogen atom;
R*> and R*° independently represent a hydrogen atom or a
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methyl group; R’ represents a hydrogen atom or an alkyl
group; s and t independently represent 1 or 2, and u represents
Oorl,
(1) the compound wherein s and tare 1,u is 1, and R* and
R*° are hydrogen atoms, or a salt thereof
(2) the compound wherein s and tare 1, uis 1, R* is a
hydrogen atom, and R*° is a methyl group, or a salt
thereof
(3) the compound wherein s and tare 1,u is 1, and R*> and
R*° are methyl groups, or a salt thereof
(4) the compound whereins is 1, tis 2, uis 1, and R*> and
R*° are hydrogen atoms, or a salt thereof
(5) the compound wherein s is 1, tis 2, uis 1, R* is a
hydrogen atom, and R*° is a methyl group, or a salt
thereof
(6) the compound whereinsis 1,tis2,uis 1, R*> is amethyl
group, and R*° is a hydrogen atom, or a salt thereof
(7) the compound wherein s is 1, tis 2, uis 1, and R*> and
R=° are methyl groups, or a salt thereof
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(8) the compound wherein s and tare 2, u is 1, and R*> and
R*° are hydrogen atoms, or a salt thereof

(9) the compound wherein s and t are 2, uis 1, R* is a
hydrogen atom, and R*® is a methyl group, or a salt
thereot

(10) the compound wherein s and tare 2, uis 1, and R*> and
R=° are methyl groups, or a salt thereof

(11) the compound wherein t is 1, u is 0, and R*° is a
hydrogen atom, or a salt thereof

(12) the compound whereintis 1, uis 0, and R*°is amethyl
group, or a salt thereof

(13) the compound wherein t is 2, u is 0, and R*° is a
hydrogen atom, or a salt thereof

(14) the compound whereintis 2, uis 0, and R*° is amethy]
group, or a salt thereof.

11. The compound according to claim 3 or a salt thereof,

wherein R"’ is a hydrogen atom.

% o *H % x
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